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LIGHT EMITTING DIODE 

The present application is based on Japanese patent 
application Nos . 2003-097028 and 2003-097030, the entire contents 
5 of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
The present invention relates to a light emitting diode 
10 made of an AlGalnP-based compound semiconductor, and 

particularly to a light emitting diode with high luminance which 
can prevent exfoliation of a transparent conductive film made 
of a metal oxide, and is manufactured inexpensively. 



15 DESCRIPTION OF THE RELATED ART 

Most of conventional light emitting diodes are green GaP 
(gallium phosphide) and red AlGaAs (aluminum gallium arsenide) . 
In recent years, however, since a technology wherein GaN 
(gallium nitride ) -based or AlGalnP (aluminum gallium indium 

20 phosphide) -based crystal layers are grown by means of MOVPE 
(Metal Organic Vapor Phase Epitaxy) technique is developed, an 
LED having a desired light emission wavelength belongs to orange, 
yellow, green, blue and the like other than red can be 
manufactured . 

25 To obtain high luminance in LED, it is impprtant to emit 

homogeneously light in a chip. For this purpose, it is required 
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to obtain good current spreading. For achieving the purpose, 
a manner for increasing a thickness of a current spreading layer 
(being called by another name of window layer) is known. 
However, a cost for forming a current spreading layer becomes 
5 expensive in view of manufacturing epitaxial wafer for LED use. 
After all, there is a disadvantage of increasing a cost for 
manufacturing epitaxial wafer for LED use. 

To decrease a manufacturing cost of LED, it is desirable 
to reduce a thickness of current spreading layer. For this 

10 purpose, an epitaxial layer having'low resistance is necessary, 
so that an epitaxial layer having a high carrier concentration 
is required. In AlGalnP and GaN, however, it is difficult to 
grow a p-type epitaxial layer having a high carrier 
concentration. On one hand, another type of semiconductor may 

15 be used for fabricating LED so far as the questioned 
semiconductor has the above-described necessary 
characteristic properties. Unfortunately, any semiconductor 
satisfying such required characteristics has not yet been 
found . 

20 Moreover, it is also known in GaN-based LEDs that a 

metallic film is used for a current spreading layer. In this 
case, however, it is required that a thickness of the metallic 
film is made to be very thin to increase transmittance of light, 
so that current spreading effect decreases. On the other hand, 

25 when enhancement of current spreading effect is intended, a 
thickness of such metallic film increases inevitably, so that 



light transmittive property is obstructed, resulting in a 
restriction of thickness. In addition, a metallic film is 
usually formed by vacuum evaporation technique. In this case, 
a prolonged time for evacuation becomes also a problem. 

There is an ITO (Indium Tin Oxide) film being a metal oxide 
film having sufficient light transmittive character istics and 
electrical characteristics for obtaining current spreading 
effect. Furthermore, there is an LED wherein the ITO film is 
used for a current spreading layer. According to the LED, since 
no epitaxial layer may be required for a current spreading layer, 
an LED having high luminance can be inexpensively produced. 

(1) An LED described in Japanese patent application 
laid-open No. 2002-344017. 

FIG. 1 is a sectional view showing a structure of the LED 
described in the above Japanese patent application laid-open 
No. 2002-344017. 

This LED 20 is a red LED having an emission wavelength of 
around 630 nm and which is prepared by lamination of an n-type 
GaAs substrate 1, an n-type (selenium (Se) doped) 
(Alo.7Gao.3) o.sIrio.sP cladding layer 2, an undoped 
(Alo.15Gao.85) o.sIno.sP active layer 3, a p-type (Zn doped) 
(Alo.7Gao.3) o.slno.s? cladding layer 4 having 5 x 10 17 cm" 3 Zn 
concentration, a p-type GaP layer 5, a p-type InP layer 6A, a 
transparent conductive film 7, an n-type electrode 8 formed on 
the whole surface of the bottom of a chip, and a p-type circular 
electrode 9 having a 150 pm diameter and formed on the top of 
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the LED . 

The respective layers extending from the n-type GaAs 
substrate 1 to the p-type AlGalnP cladding layer 4 are formed 
by means of MOVPE technique. A growth condition in the MOVPE 
5 technique is such that a growth temperature is 700°C / a growth 
pressure is 50 Torr, a growth rate in the respective layers 
ranges from 0.3 to 1.0 nm/s, and a V/III ratio ranges from 300 
to 600, respectively. 

The p-type GaP layer 5 is formed at 1 x 10 18 cm" 3 Zn 
10 concentration, 100 V/III ratio, 1 nm/s growth rate and in 2 pm 
thickness . 

The p-type InP layer 6A is formed at 1 x 10 18 cm -3 Zn 
concentration and which is provided as an underlying layer of 
the transparent conductive film 7, functioning to prevent 

15 exfoliation of the transparent conductive film 7 from an 
epitaxial wafer in case of dicing and the like. 

The transparent conductive film 7 is made of an ITO film, 
and which is formed by vacuum evaporation technique. An 
evaporation condition for'the ITO film is such that a substrate 

20 temperature is 250°C, an oxygen partial pressure is 4 x 10" 4 Torr, 
and a thickness of about 200 nm. 

The n-type electrode 8 is formed by evaporating 
gold-germanium with 60 nm thickness, nickel with 10 nm thickness, 
and gold with 500 nm thickness, respectively, in this order. 

25 The p-type electrode 9 is formed by evaporating gold-zinc 

with 60 nm thickness, nickel with 10 nm thickness, and gold with 
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1000 nm thickness, respectively, in this order. 

The LED 20 is fabricated by cutting out an epitaxial wafer 
with electrodes used for the LED formed in the above-described 
structure into 300 jam square chip size according to dicing. In 
5 a process for dicing and the like, the transparent conductive 
film 7 is cut out while maintaining adherence to the p-type InP 
layer 6A. The LED 20 is die-bonded on the TO-18 stem, and the 
LED 20 is electrically connected to the TO-18 stem by 
wire-bonding . 

10 According to the above-described conventional LED, 

however, a junction of the LED having pn junction and the 
transparent conductive film 7 becomes substantially npn, 
resulting in an appearance of series resistance due to barrier 
in the interface of the transparent conductive film 7 and the 

15 p-type InP layer 6A. In this respect, since the Zn 

concentration (1 x 10 1 cm" 3 ) in the above-described transparent 
conductive film 7 is insufficient for an amount of reducing 
series resistance, a high operative voltage is required in light 
emission. Besides, a thickness (30 nm) for acquiring 

20 sufficient current spreading characteristics is required, so 
that there is a problem of appearing hindrance for attaining 
high luminance. 

(2) Another conventional LED 

On one hand, to solve the above-mentioned problem, there 
25 is described a manner for driving an LED based on tunneling 
current by increasing extremely a carrier concentration of a 
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semiconductor layer located on the uppermost of the LED (see 
ELECTRONICS LETTERS, 7Th December 1995 (pages 2210 to 2212) . 

Furthermore, there is described a method for fabricating 
an LED having high luminance, a low operative voltage, and high 
5 reliability in such a manner that a GaAs layer to which carbon 
(C) is added is used as the uppermost semiconductor layer, and 
carbon tetrabromide (CBr4) is used as a raw material for adding 
C (see Japanese patent application laid-open No. 1999-307810) . 
FIG. 2 is a sectional view showing a conventional LED 

10 wherein an ITO film is used. 

This LED is a red LED having an emission wavelength of 
around 630 nm and which is prepared by formation of an n-type 
GaAs substrate 11, an n-type (Se doped) GaAs buffer layer (400 
nm thickness, and 1 x 10 18 cm" 3 carrier concentration) 12, an 

15 n-type (Se doped) (Alo.7Ga<>.3) O.sIno.sP cladding layer (300 nm 

thickness, and 1 x 10 18 cm" 3 carrier concentration) 13, an undoped 
(Alo.10Gao.90) o.sIno.sP active layer (600 nm thickness) 14, a p-type 
(Zn doped) (Alo.7Gao. 3) O.sIno.sP cladding layer (300 nm thickness, 
and 5 x 10 17 cm" 3 carrier concentration) 15, a p-type (C doped) 

20 GaAs layer (25 nm thickness) 113, an ITO film 17 of a transparent 
conductive film, a circular p-type electrode 18, and an n-type 
electrode 19. 

The respective layers (except for the ITO film 17, the 
p-type electrode 18, and the n-type electrode 19) are formed 
25 by means of MOVPE technique. A growth condition in the MOVPE 
technique is such that a growth temperature is 700°C, a growth 
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pressure is 50 Torr, a growth rate in the respective layers 
ranges from 0.3 to 1.0 nm/s, and a V/III ratio ranges from 300 
to 600, respectively. 

Raw materials used in the growth according to MOVPE 
5 technique include organic metals such as trimethyl gallium 
(TMG) or triethyl gallium (TEG) , trimethyl aluminum (TMA) , and 
trimethyl indium ( TMI ) ; and hydride gases such as arsine (ASH3) 
and phosphine ( PH3) . Moreover, hydrogen selenide (H2Se) is used 
as a raw material for adding an additive (additive raw material) 

10 to an n-type layer such as the n-type GaAs buffer layer 12. 

The ITO film 17 is a metal oxide film to be a current 
spreading layer, and which is formed in about 230 nm thickness 
at 300°C film formation temperature (a surface temperature of 
the substrate) by means of vacuum evaporation technique. A 

15 resistivity is 6.2 x 10~ 6 Qm in film formation. 

The p-type GaAs layer 113 is formed at a carrier 
concentration of 1 x 10 19 cm" 3 , and carbon tetrabromide (CBr4) 
is used as an additive raw material. Such CBr4 may be used for 
an additive raw material in another p-type layer. Furthermore, 

20 diethylzinc (DEZ) and dimethylzinc (DMZ) may also be used as 
other additive raw materials in a p-type layer, while silane 
(SiH4) may be used as an additive raw material for an n-type 
layer . 

The p-type electrode 18 is formed in a matrix shape having 
25 125 \im diameter by evaporating nickel in 20 nm, and gold in 1000 
nm, respectively, in this order. 
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The n-type electrode 19 is formed on the whole surface of 
the backside of an LED (a surface on which no layer is formed 
in a semiconductor substrate) in such a manner that 
gold-germanium in 60 nm, nickel in 10 nm, and gold in 500 nm, 
5 respectively, in this order, and then, alloying for electrode 
is carried out at 400°C for five minutes in nitrogen gas 
atmosphere . 

However, according to the above-described LED, since 
adhesion of the p-type GaAs layer 113 of the uppermost layer 

10 to the transparent conductive film 17 is not sufficient, there 
is such a problem that exfoliation appears in the transparent 
conductive film, resulting in decrease of an yield. Besides, 
there is also such a disadvantage that sides of the transparent 
conductive film become irregular, so that a backward voltage 

15 becomes low. In the LED shown in FIG. 2, when a condition for 
measuring the backward voltage is 10 \iA and a voltage at that 
time is -5 V or less, the result is considered to be poor. A 
light emission output of the LED is 2.50 mW, and a forward 
operative voltage is 1.98 V at the energization of 20 mA. 

20 However, it is confirmed that there is failure due to 

exfoliation of the ITO film 7 and failure in backward voltage 
with respect to 20% of the LEDs. 

For instance, a manner for inserting an intermediate band 
gap layer between a GaAs layer and a cladding layer is known 

25 for moderating band discontinuity between the GaAs layer and 
the cladding layer. Even in this manner, however, although a 
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forward voltage can be reduced at a certain degree, 
deterioration in exfoliation of the transparent conductive film 
and backward direction characteristics cannot be improved as 
a matter of course. This is because a layer which is in contact 
5 with the transparent conductive film is a GaAs layer. In 

addition, provision of such intermediate band gap layer between 
the GaAs layer and the cladding layer increases the cost 
therefor . 

When CBr4 is used as a raw material for adding C, sufficient 
10 characteristics can be attained in a first time growth. 

However, when growth is repeated continually, a light emission 
output goes down extremely as low as about 50% in a second time 
growth and thereafter, so that there is a problem of poor 
reproducibility. For specifying a cause for the problem, the 
15 present inventors conducted SIMS analysis on epitaxial wafers 
grown after the second time growth and thereafter. As a result, 
it has been found that carbon (C) and oxygen (O) of high 
concentrations exist in the epitaxial wafers. Based on the 
fact, it is considered that since raw material CBr4 is used, 
20 the high-concentration C and 0 remain in a growing furnace in 
the first time growth, and the remained C and O are mixed into 
epitaxial wafers in the second time growth and thereafter, 
resulting in decrease in light emission output. 

25 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
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provide an LED which does not result in exfoliation of a 
transparent conductive film, emits light at a low operative 
voltage, and attains high luminance. 

A more specific object of the present invention is to 
5 provide an LED which can suppress decrease in an yield due to 
exfoliation of a transparent conductive film, and reduce a 
forward operative voltage without providing an intermediate 
bandgap layer, besides which achieves high luminance, a low 
operative voltage, a low cost, high reliability, and excellent 

10 reproducibility . 

In order to achieve the above-described objects, a light 
emitting diode according to the present invention comprises a 
semiconductor substrate, a light-emitting region including an 
active layer provided between a first conductivity type 

15 cladding layer formed on the semiconductor substrate and a 
second conductivity type cladding layer, a transparent 
conductive film made of a metal oxide and located over the a 
light-emitting region, a first electrode formed on the upper 
side of the transparent conductive film, a second electrode 

20 formed on the whole or a part of the bottom of the semiconductor 
substrate, and a layer for preventing exfoliation of the 
transparent conductive film, the preventing layer being made 
of a compound semiconductor containing at least aluminum and 
located between the light-emitting region and the transparent 

25 conductive film. 

According to the above-described constitution, the 
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provision of the layer for preventing exfoliation of the 
transparent conductive film containing aluminum results in good 
adherence to the transparent conductive film, whereby it is 
possible to prevent exfoliation of the transparent conductive 
5 film. 

Furthermore, in order to achieve the above-described 
objects, a light emitting diode according to the present 
invention comprises a semiconductor substrate, a 
light-emitting region including an active layer provided 

10 between a first conductivity type cladding layer formed on the 
semiconductor substrate and a second conductivity type cladding 
layer, a transparent conductive film made of a metal oxide and 
located over the light-emitting region, a first electrode 
formed on the upper side of the transparent conductive film, 

15 a second electrode formed on the whole or a part of the bottom 
of the semiconductor substrate, and a layer for preventing 
exfoliation of the transparent conductive film, the preventing 
layer being made of a compound semiconductor containing at least 
aluminum wherein the layer for preventing exfoliation of the 

20 transparent conductive film contains a conductivity type 

determination impurity in a concentration of 1 x 10 19 cm -3 or 
higher, the layer for preventing exfoliation of the transparent 
conductive film being located between the light-emitting region 
and the transparent conductive film. 

25 According to the above-described constitution, the 

provision of the layer for preventing exfoliation of the 
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transparent conductive film makes possible to prevent 
exfoliation of the transparent conductive film, besides it is 
possible to enhance current spreading characteristics to emit 
light at a low voltage. 
5 Moreover, in order to achieve the above-described objects, 

a light emitting diode according to the present invention 
comprises a semiconductor substrate, a light-emitting region 
including an active layer provided between a first conductivity 
type cladding layer formed on the semiconductor substrate and 

10 a second conductivity type cladding layer, a transparent 

conductive film made of a metal oxide and located over the 
light-emitting region, a first electrode formed on the upper 
side of the transparent conductive film, a second electrode 
formed on the whole or a part of the bottom of the semiconductor 

15 substrate, and an AlGaAs layer having a bandgap energy (called 
simply "bandgap" hereinafter) which is smaller than that of the 
active layer, being provided between the light-emitting region 
and the transparent conductive film wherein the AlGaAs layer 
is made of Al x Gai_ x As (0.01 < X < 0.43) . 

20 According to the above-described constitution, since an 

additive such as Zn of a high concentration is added to the 
AlGaAs layer, crystallinity of the AlGaAs decreases. As a 
result, electricity flows through a defect between the AlGaAs 
layer and the second conductivity type cladding layer, so that 

25 its resistance becomes small. Furthermore, since tunneling 
effect increases, a resistance in the transparent conductive 
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film and the direct transition AlGaAs as well as the second 
conductivity type cladding layer decreases, so that a forward 
operative voltage decreases. Moreover, presence of Al results 
in good adherence to the transparent conductive film. 
5 In the light emitting diode according to the invention, 

the layer for preventing exfoliation of the transparent 
conductive film has a film thickness of 300 nm or less. 

In the light emitting diode according to the invention, 
the transparent conductive film is made of indium tin oxide. 
10 In the light emitting diode according to the invention, 

the layer for preventing exfoliation of the transparent 
conductive film is made of an arsenic compound. 

In the light emitting diode according to the invention, 
the light-emitting region is made of (Al x Gai_ x ) yIni_ Y P (0 ^ X ^ 
15 1 , 0 < Y < 1 ) . 

In the light emitting diode according to the invention, 
the AlGaAs layer has a carrier concentration of 1 x 10 19 cm -3 
or higher. 

In the light emitting diode according to the invention, 
20 the AlGaAs layer is added with at least one of Zn, Be, and Mg . 

In the light emitting diode according to the invention, 
the AlGaAs layer is added with at least one of Zn, Be and Mg, 
and C, and C is autodoped. 

In the light emitting diode according to the invention, 
25 the AlGaAs layer is formed at a growth temperature of 600°C or 
lower . 
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In the light emitting diode according to the invention, 
the AlGaAs layer is formed at a V/III ratio in raw materials 
of 50 or less at the time of growth. 

In the light emitting diode according to the invention, 
5 the transparent conductive film is made of indium tin oxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be explained in more detail 
in conjunction with appended drawings, wherein: 
10 FIG. 1 is a sectional view showing a conventional light 

emitting diode; 

FIG. 2 is a sectional view showing a conventional light 
emitting diode wherein an ITO film is used; 

FIG. 3 is a sectional view showing a light emitting diode 
15 according to a first embodiment of the present invention; 

FIG. 4 is a sectional vies showing a light emitting diode 
according to a fourth embodiment of the present invention; 

FIG. 5 is a sectional view showing a light emitting diode 
according to a seventh embodiment of the present invention; 
20 FIG. 6 is a sectional view showing a light emitting diode 

according to an eighth embodiment of the present invention; 

FIG. 7 is a sectional view showing a ninth embodiment of 
the present invention; 

FIG. 8 is a sectional view showing a tenth embodiment of 
25 the present invention; and 

FIG. 9 is a sectional view showing an eleventh embodiment 
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of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
5 described in detail hereinafter by referring to the 
accompanying drawings . 
First Embodiment 

FIG. 3 is a sectional view showing an LED 10 according to 
the first embodiment of the present invention. The LED 10 is 

10 a red LED having an emission wavelength of around 630 nm and 
which is prepared by lamination of an n-type GaAs substrate 1, 
an n-type <Se doped) ( Alo.7Gao.3) o.sIno.sP cladding layer 2, an 
undoped (Alo.15Gao.85) O.sIno.sP active layer 3, a p-type (Zn 
doped) (Alo.7Gao.3) O.sIno.sP cladding layer 4 having a Zn 

15 concentration of 5 x 10 17 cm" 3 , a p-type GaP layer 5, a p-type 
(Zn doped) AlGaAs layer 6 being a layer for preventing 
exfoliation of a transparent conductive film, the transparent 
conductive film 7 made of an ITO film, an n-type electrode 8 
formed on the whole backside of the n-type GaAs substrate 1, 

20 and a circular p-type electrode 9 having 150 \im diameter formed 
on the surface side of the transparent conductive film 7. In 
this case, the epitaxial growth method, the epitaxial structure, 
the method for forming an ITO film and the like are the same 
as those described in FIG. 1 relating to the LED 20. 

25 The p-type AlGaAs layer 6 is formed on the p-type GaP layer 

5 in 10 nm thickness so as to have 1 x 10 19 cm" 3 or higher Zn 
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concentration wherein an Al composition of the AlGaAs is varied 
to be 0.1, 0.4, and 0.8, respectively. 

The LED 10 is obtained by cutting an epitaxial wafer with 
electrodes used for an LED which is laminated to have the 
5 above-described structure into a chip size of 300 yim square by 
means of dicing. In a process for dicing or the like, the 
transparent conductive film 7 is cut out while maintaining 
adherence to the p-type AlGaAs layer 6. The cut and processed 
LED 10 is die-bonded on a TO-18 stem, and the die-bonded LED 
10 10 is electrically connected to the TO-18 stem by means of wire 
bonding . 

According to the above-described LED 10, it is confirmed 
that an exfoliation phenomenon in the transparent conductive 
film 7 is about 1% or less in all the LED chips wherein each 

15 Al composition is changed. When the p-type AlGaAs layer 6 is 
used for a semiconductor layer being in contact with the 
transparent conductive film 7 as a layer containing at least 
Al, the exfoliation phenomenon can be suppressed, whereby a 
yield for fabricating such LED can be remarkably increased. 

20 Furthermore, since a thickness of the p-type AlGaAs layer 

6 can be thinned as thin as 10 nm, light extraction of the LED 
is enhanced, resulting in high luminance and reduction in an 
amount of raw materials consumed, whereby manufacturing cost 
can be reduced. 

25 An exfoliation phenomenon of the transparent conductive 

film 7 from a semiconductor layer depends remarkably on an 
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aluminum (Al) composition in its compound semiconductor. 
According to the present invention, it has been found that when 
the compound semiconductor contains at least Al, it is 
suppressed to exfoliate the transparent conductive film 7 from 
5 the semiconductor layer. More specifically, an Al composition 
of a layer for preventing exfoliation of the transparent 
conductive film is required to be at least 0.01, so that a 
compound semiconductor which does not contain Al such as 
Ga x Ini_ x P (0 < X < 1) , and GaxIn^xAs (0 < X < 1 ) is not suitable. 

10 Moreover, the transparent conductive film 7 described in 

the first embodiment is an n-type metal oxide, so that junction 
of which to an LED having pn junction brings about substantially 
npn junction, resulting in appearance of series resistance due 
to a barrier in an interface between the transparent conductive 

15 film 7 and the p-type AlGaAs layer 6. In order to solve or 
moderate the above-described problem, a high carrier 
concentration, and more specifically, a high impurity 
concentration is required for the p-type AlGaAs layer 6. 
Accordingly, it is desired that a conductivity type 

20 determination impurity concentration, i.e. a Zn concentration 
contained in the p-type AlGaAs layer 6 is 1 x 10 19 cm" 3 or more. 

In the above-described first embodiment, a quaternary LED 
such as (Al x Gai- x ) Y Im- Y P (0 < X < 1, 0 < Y < 1) is described. 
However, for example, when the above-described layer for 

25 preventing exfoliation of the transparent conductive film is 
provided in a ternary LED such as AlGaAs, an exfoliation 
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phenomenon of such transparent conductive film can be 
suppressed . 

Besides, for example, a light reflection layer such as a 
distributed Bragg reflection layer (DBR) may be disposed 
5 between a GaAs substrate and an n-type cladding layer in order 
to intend high luminance of LED. 
Second Embodiment 

In the second embodiment of the present invention, a red 
LED having an emission wavelength of around 630 nm is prepared 

10 in such that p-type (Zn doped) AlInAs layer is formed on a p-type 
GaP layer in 10 nm thickness as a layer for preventing 
exfoliation of the transparent conductive film, and an Al 
composition contained in the AlInAs is made to be 0.1, 0.4, and 
0.8, respectively. The other structures, the epitaxial growth 

15 method, the epitaxial structures, the ITO film forming method 
and the like are the same as those of the first embodiment, so 
that overlapped description is omitted. 

Furthermore, an LED is fabricated by cutting an epitaxial 
wafer including the above-described p-type AlInAs layer into 

20 a chip size of 300 ym square by means of dicing as in the first 
embodiment. In the process for dicing or the like, the 
transparent conductive film is cut out while maintaining 
adherence to the p-type AlInAs layer. The cut and processed 
LED is die-bonded on a TO-18 stem, and the die-bonded LED *is 

25 electrically connected to the TO-18 stem by means of wire 
bonding . 
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According to the above-described LEDs of the second 
embodiment, it is confirmed as in the first embodiment that an 
exfoliation phenomenon in the transparent conductive film is 
about 1% or less in all the LED chips wherein each Al composition 
5 is changed in also the case where the AlInAs layer is used, so 
that an yield for fabricating LED can be remarkably increased. 
Third Embodiment 

In the third embodiment of the present invention, a red 
LED having an emission wavelength of around 630 nm is prepared 

10 in such that p-type (Zn doped) AlGalnAs layer is formed on a 
p-type GaP layer in 10 nm thickness as a layer for preventing 
exfoliation of the transparent conductive film, and an Al 
composition contained in the AlGalnAs is made to be 0.1, 0.4, 
and 0.8, respectively. The other structures, the epitaxial 

15 growth method, the epitaxial structures, the ITO film forming 
method and the like are the same as those of the first embodiment, 
so that overlapped description is omitted. 

Furthermore, an LED is fabricated by cutting an epitaxial 
wafer including the above-described p-type AlGalnAs layer into 

20 a chip size of 300 \im square by means of dicing as in the first 
and the second embodiments . In a process for dicing or the like, 
the transparent conductive film is cut out while maintaining 
adherence to the p-type AlGalnAs layer. The cut and processed 
LED is die-bonded on a TO-18 stem, and the die-bonded LED is 

25 electrically connected to the TO-18 stem by means of wire 
bonding . 
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According to the above-described LEDs of the third 
embodiment, it is confirmed as in the first embodiment that an 
exfoliation phenomenon in the transparent conductive film is 
about 1% or less in all the LED chips wherein each Al composition 
5 is changed in also the case where the AlGalnAs layer is used, 
so that an yield for fabricating LED can be remarkably 
increased. 

As described above, since a layer for preventing 
exfoliation of the transparent conductive film which is made 

10 of a compound semiconductor containing at least Al and contains 
a conductivity type determination impurity of 1 x 10 19 cm" 3 or 
higher concentration is provided as a semiconductor layer being 
in contact with the transparent conductive film 7 in the LEDs 
according to the present invention, the transparent conductive 

15 film does not exfoliate due to dicing or the like treatment, 
and each of the resulting LEDs emits at a low operative voltage, 
whereby high luminance can be achieved. 
Fourth Embodiment 

FIG. 4 is a sectional view showing an LED according to the 

20 fourth embodiment of the present invention. 

The LED is a red LED having an emission wavelength of around 
630 nm and which is prepared by lamination of an n-type GaAs 
substrate 11, an n-type (Se doped) GaAs buffer layer (400 nm 
thickness, 1 x 10 cm" carrier concentration) 12, an n-type (Se 

25 doped) ( Alo.7Gao.3) o.slno.sP cladding layer (300 nm thickness, 1 x 
10 18 cm" 3 carrier concentration) 13, an undoped 
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(Alo.10Gao.90) o.sIno.sP active layer (600 nm thickness) 14, a p-type 
(Zn doped) ( Alo.7Gao.3) o.sIno.sP cladding layer (300 nm thickness, 
5 x 10 17 cm" 3 carrier concentration) 15, a p-type (Zn doped) AlGaAs 
layer (1 x 10 19 cm*" 3 carrier concentration) 16 formed at 600°C 
5 growth temperature and in a V/III ratio of 50, an ITO film 17 
of a transparent conductive film, a circular p-type electrode 
18, and an n-type electrode 19. 

Multiple quantum well may be used in the active layer 14. 
The respective layers (except for the ITO film 17, the 

10 p-type electrode 18, and the n-type electrode 19) are formed 
by means of MOVPE (Metal Organic Vapor Phase Epitaxy) technique 
wherein a growth temperature is 700°C, a growth pressure is 50 
Torr, a growth rate in the respective layers ranges from 0.3 
to 1.0 nm/s, and a V/III ratio is 300 to 600, respectively. Raw 

15 materials used in the growth according to MOVPE technique 

include, for example, organic metals such as trimethyl gallium 
(TMG) or triethyl gallium (TEG) , trimethyl aluminum (TMA) , and 
trimethyl indium (TMI) , and hydride gases such as arsine (ASH3) , 
and phosphine (PH3) . Furthermore, hydrogen selenide (H2Se) is 

20 used as an additive raw material for an n-type layer such as 
the n-type GaAs buffer layer 12. 

The n-type cladding layer 13, the active layer 14, and the 
p-type cladding layer 15 constitute a light-emitting region 
made of (Al x Gai- x ) yIni- Y P (0 < X < 1, 0 < Y < 1). 

25 The ITO film 17 is a metal oxide functioning as a current 

spreading layer which is formed in about 230 nm thickness at 
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a film formation temperature (a surface temperature of 
substrate) of 300°C by means of vacuum evaporation. A 
resistivity of the ITO film at the time of film formation is 
6.2 x 10* 6 Qm. 

5 The p-type electrode 18 is obtained by evaporating nickel 

and gold in this order with a thickness of 20 nm and 1000 nm, 
respectively, and a diameter of which is 125 jam and formed in 
a matrix shape. 

The n-type electrode 19 is formed on the whole surface of 
10 the backside of the n-type GaAs substrate 11 by evaporating 
gold-germanium, nickel, and gold in this order with a thickness 
of 60 nm, 10 nm, and 500 nm, respectively, and then, the electrode 
is alloyed in nitrogen gas atmosphere of 400°C for five minutes. 
An epitaxial wafer with electrodes for LED use which is 
15 laminated with the above-described constitution is cut out into 
a chip size of 300 pm square in such that the p-type electrode 
18 is positioned at the center to obtain a LED bare chip. The 
resulting LED bare chip is die-bonded on a TO-18 stem, and the 
die-bonded LED bare chip is electrically connected to the TO-18 
20 stem by means of wire bonding. 

In the following, results evaluated as to the LEDs of the 
fourth embodiment are shown in TABLE 1 . 
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According to each of the LEDs of the above-described fourth 
embodiment, since a direct transition AlGaAs layer made of 
Al x Gai_ x As (0. 01 < X < 0.43) is provided between the p-type AlGalnP 
5 cladding layer 15 and the ITO film 17, high output of 3.12 mW 
is obtained in even 5 nm thickness of the AlGaAs layer as is 
apparent from TABLE 1 . Besides, a low operative voltage and 
a low cost can be attained. In addition, the LEDs can be 
manufactured in good yields. As a result of reliability test 

10 under the test condition of 55°C temperature and 50 mA electric 
conduction with respect to an LED element which is used for LED 
before sealing with a resin, it is confirmed that the LED element 
exhibits such high reliability that all the relative outputs 
(emission output before electric conduction/emission output 

15 after electric conduction) after 24 hour electric conduction 
are 90% or more (an electric current value is 20 mA at the time 
of estimating output) . 

In the above-described fourth embodiment, although the 
p-type electrode 18 has been formed into a circular shape, the 

20 same effects are obtained also in a polygonal shape such as 



24 



square, and rhombi. Moreover, the same effects are attained 
also in a structure wherein the active layer is undoped, or made 
to have second conductivity type or first conductivity type. 
Furthermore, the same effects are also achieved by 
5 providing a light reflection layer (DBR) between the n-type 
buffer layer 12 and the n-type cladding layer 13, and the same 
results are obtained without forming the n-type buffer layer 
12. 

Fifth Embodiment 

10 In the fifth embodiment of the present invention, a yellow 

LED having 590 nm emission wavelength wherein an undoped 
( Alo.32Gao.86) o.slno.sP active layer is provided for an active layer 
14 of 600 nm thickness is fabricated. The structures, the 
epitaxial growth method, and the thicknesses of epitaxial 

15 layers in the other parts are the same as those described in 
the LEDs of the fourth embodiment, so that overlapped 
description is omitted. 

In the following results evaluated as to the LEDs of the 
fifth embodiment are shown in TABLE 2. 
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According to the LEDs of the above-described fifth 
embodiment, each of the yellow LEDs exhibits a high output, and 
a low operative voltage. Further, a low cost can be achieved 
on the basis of desirable characteristic property of the fourth 
5 embodiment, besides the LEDs are fabricated in good yields. 
Sixth Embodiment 

in the sixth embodiment of the present invention, a green 
LED having 560 nm emission wavelength wherein an undoped 
(Alo.46Gao.54) cj.5Ino.5P active layer (600 nm thickness) is provided 
10 for an active layer 14 is fabricated. The structures, the 
epitaxial growth method, and the thicknesses of epitaxial 
layers in the other parts are the same as those described in 
the LEDs of the fourth and the fifth embodiments, so that 
overlapped description is omitted. 
15 In the following results evaluated as to the LEDs of the 

sixth embodiment are shown in TABLE 3. 
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According to the LEDs of the above-described sixth 



embodiment, each of the green LEDs exhibits a high output, and 
20 a low operative voltage. Further, a low cost can be achieved 
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on the basis of desirable characteristic property of the fourth 
embodiment, besides the LEDs are fabricated in good yields. 
Seventh Embodiment 

FIG. 5 is a sectional view showing an LED according to the 
5 seventh embodiment of the present invention. 

(1) This LED is a red LED of around 630 nm emission 
wavelength includes an undoped ( Alo.7Gao.3) o.sIno.sP layer (300 nm 
thickness) 110 provided between an AlGalnP active layer and a 
P~~type AlGalnP cladding layer 15. The structures, the 

10 epitaxial growth method, and the thicknesses of epitaxial 

layers in the other parts are the same as those described in 
the LEDs of the fourth through the sixth embodiments, so that 
overlapped description is omitted. 

(2) Furthermore, another LED including a low carrier 
15 concentration p-type (Zn doped) ( Alo.7Gao.3) O.sIno.sP layer (300 

nm thickness, 1 x 10 17 cm" 3 carrier concentration) 110 to be formed 
between the AlGalnP active layer 14 and the p-type AlGalnP 
cladding layer 15 is fabricated at the same time of the 
fabrication of the LED defined in the paragraph (1) . The other 
20 structures and the like are the same as those of the LED in (1) . 

(3) Moreover, a further LED including a low carrier 
concentration n-type (Se doped) (Alo.7Gao. 3) O.sIno.sP layer (300 
nm thickness, 1 x 10 17 cm" 3 carrier concentration) 110 to be formed 
between the AlGalnP active layer 14 and the p-type AlGalnP 

25 cladding layer 15 is fabricated at the same time of the 

fabrication of the LED defined in the paragraph (1) . The other 
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structures and the like are the same as those of the LED in (1) . 

Characteristic properties of the LEDs thus fabricated were 
evaluated. The properties of the LEDs in (1) , (2) , and (3) were 
(1) : 2.71 mW, (2) : 2.63 mW, and (3) : 2.61 mW; and their forward 
5 operative voltages were (1): 1.96 V, (2): 1.93 V, and (3): 1.97 
V, respectively. 

The above-described LEDs of the seventh embodiment exhibit 
good properties as those in the LEDs of the fourth embodiment. 
In addition, relative outputs as to reliability are enhanced 

10 to 95 to 99%, and it is confirmed that the same yields as that 
of the fourth embodiment are attained. 
Eighth Embodiment 

FIG. 6 is a sectional view showing an LED according to the 
eighth embodiment of the present invention. 

15 (1) This LED is a red LED having an emission wavelength 

of around 630 nm and which is prepared by lamination of an n-type 
GaAs substrate 11, an n-type (Se doped) .GaAs buffer layer (400 
nm thickness, 1 x 10 18 cm" 3 carrier concentration) 12, an n-type 
(Se doped) (Alo.7Gao. 3) o.sIno.sP cladding layer (300 nm thickness, 

20 1 x 10 18 cm" 3 carrier concentration) 13, an undoped 

( Alo.ioGao.9o) o.sIno.sP active layer (600 nm thickness) 14, an 
undoped (Alo.7Gao. 3) o.sIno.sP layer ( 300 nm thickness ) 110, a p-type 
(Zn doped) (Alo.7Gao. 3) o.sIno.sP cladding layer (300 nm thickness, 
5 x 10 17 cm" 3 carrier concentration) 15, a p-type (Zn doped) GaP 

25 contact layer (200 nm thickness, 5 x 10 18 cm" 3 carrier 

concentration) 111, a p-type (Zn doped) Alo.05Gao.95As layer (25 
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nm thickness, 1 x 10 19 cm -3 carrier concentration) 16, an ITO film 
(6.3 x 10" 6 Qm resistivity) 17 of a transparent conductive film, 
a circular p-type electrode 18, and an n-type electrode 19. In 
the following description, an explanation as to the same 
5 contents as those of the fourth through the seventh embodiments 
is omitted. 

(2) Furthermore, another LED including a p-type 
(Alo.7Gao.3) o.sIno.sP contact layer 111 is fabricated at the same 
time of the fabrication of the LED in the above paragraph (1) . 

10 The other structures and the like are the same as those of the 
LED in (1 ) . 

(3) Moreover, a further LED including a p-type Alo.85Gao.15As 
contact layer 111 is fabricated at the same time of the 
fabrication of the LED in the above paragraph (1) . The other 

15 structures and the like are the same as those of the LED in (1) . 

In the following, results evaluated as to the LEDs of the 
eighth embodiment are shown in TABLE 4. 
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All the LEDs of the above-described eighth embodiment 



20 exhibit substantially the same results as those of the fourth 
embodiment (TABLE 1) as is apparent from TABLE 4. Besides, the 
yields are also equivalent to those of the fourth embodiment, 

and reliability is good, since a relative output is 95% or 
higher . 
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Ninth Embodiment 

FIG . 7 is a sectional view showing an LED according to the 
ninth embodiment of the present invention. 

(1) This LED is a red LED having an emission wavelength 
5 of around 630 nm and which is prepared by lamination of an n-type 

GaAs substrate 11, an n-type (Se doped) GaAs buffer layer (400 

nm thickness, 1 x 10 cm carrier concentration) 12, an n-type 
(Se doped) ( Alo.7Gao.3) o.slno.sP cladding layer (300 nm thickness, 

1 x 10 18 cm*" 3 carrier concentration) 13, an undoped 
10 ( Alo.10Gao.90) o.sIno.sP active layer (600 nm thickness) 14, an 

undoped ( Alo.7Gao.3) o.sIno.sP layer (300 nm thickness ) 110, a p-type 
(Zn doped) ( Alo.7Gao.3) o.sIno.sP cladding layer (300 nm thickness, 

5 x 10 17 cm"" 3 carrier concentration) 15, a p-type (Zn doped) GaP 

contact layer (150 nm thickness, 5 x 10 cm" carrier 
15 concentration) 111, an undoped GaP layer (200 nm thickness) 112, 

a p-type (Zn doped) GaP contact layer (150 nm thickness, 5 x 

18 3 

10 cm" carrier concentration) 111, a p-type (Zn doped) 
Alo.05Gao.95As layer (25 nm thickness, 1 x 10 19 cm" 3 carrier 
concentration) 16, an ITO film (6.1 x 10" 6 Qm resistivity) 17 
20 of a transparent conductive film, a circular p-type electrode 
18, and an n-type electrode 19. In the following description, 
an explanation relating to the same contents as those of the 
fourth through the eighth embodiments is omitted. 

(2) Furthermore, another LED including a p-type 

25 (Alo.7Gao.3) o.slno.sP contact layer 111 is fabricated at the same 
time of the fabrication of the LED in the above paragraph (1) . 
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The other structures and the like are the same as those of the 
LED in (1 ) . 

(3) Moreover, a further LED including a p-type Alo.85Gao.15As 
contact layer 111 is fabricated at the same time of the 

5 fabrication of the LED in the above paragraph (1) . The other 
structures and the like are the same as those of the LED in (1) . 

(4) A still further LED including an undoped 

( Alo.7Gao.3) o.sino.sP layer 112 is fabricated at the same time of 
the fabrication of the LED in the above paragraph (1 ) . The other 
10 structures and the like are the same as those of the LED in (1) . 

(5) An yet further LED including an undoped Alo.85Gao.15As 
layer 112 is fabricated at the same time of the fabrication of 
the LED in the above paragraph (1) . The other structures and 
the like are the same as those of the LED in (1) . 

15 In the following, results evaluated as to the LEDs of the 

ninth embodiment are shown in TABLE 5. 
Table 5 
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All the LEDs of the above-described ninth embodiment are 
equal to or better than the results of. the seventh embodiment 
20 in respect of light emission property and reliability as is 
apparent from TABLE 5. Besides, the yields are also good and 
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equivalent to those of the seventh embodiment. Moreover, since 
each of the resulting LEDs has such constitution as described 
above, negative resistance is eliminated, and it is possible 
to form an LED which is not damaged, even when significant 
5 voltage variation occurs. 
Tenth Embodiment 

FIG. 8 is a sectional view showing an LED according to the 
tenth embodiment of the present invention. 

(1) This LED is a red LED having an emission wavelength 
10 of around 630 nm and the same sectional structure as that shown 
in FIG. 5, and which is prepared by lamination of an n-type GaAs 
substrate 11, an n-type (Se doped) GaAs buffer layer (400 nm 

18—3 

thickness, 1 x 10 cm carrier concentration) 12, an n-type (Se 
doped) ( Alo.7Gao.3) o.sIno.sP cladding layer (300 nm thickness, 1 x 

15 10 18 cm -3 carrier concentration) 13, an undoped 

( Alo.10Gao.90) o.sIno.sP active layer (600 nm thickness) 14, an 
undoped (Alo.7Gao.3) o.sIno.sP layer (300 nm thickness ) 110, a p-type 
(Zn doped) ( Alo.7Gao.3) o.sIno.sP cladding layer (300 nm thickness, 
5 x 10 17 cm" 3 carrier concentration) 15, a p-type Alo.05Gao.95As layer 

20 (25 nm thickness, 1 x 10 19 cm' 3 carrier concentration) 16, an ITO 
film (6.2 x 10~ 6 Qm resistivity) 17 of a transparent conductive 
film, a circular p-type electrode 18, and an n-type electrode 
19. In the following description, an explanation relating to 
the same contents as those of the fourth through the ninth 

25 embodiments is omitted. 

Various LEDs each containing the p-type Alo.05Gao.95As layer 
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16 wherein an additive or additives to be used is (are) Mg, Be, 
both Zn and Mg, both Zn and Be, and both Mg and Be are fabricated, 
respectively. 

In the following, results evaluated as to the LEDs of the 

5 tenth embodiment are shown in TABLE 6. 
Table 6 



Additive (s) for 
AIGaAs layer 


Emission 
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According to the LEDs of the above-described tenth 



embodiment, it is possible to obtain a sufficient emission 
output without increasing forward operative voltage, even when 
10 an additive Mg or Be other than Zn is used as is apparent from 
TABLE 6. 

Eleventh Embodiment 

FIG. 9 is a sectional view showing an LED according to the 
eleventh embodiment of the present invention. 

15 (1) This LED is a red LED having an emission wavelength 

of around 630 nm and the same sectional structure as that shown 
in FIG. 5, and which is prepared by lamination of an n-type GaAs 
substrate 11, an n-type (Se doped) GaAs buffer layer (400 nm 
thickness, 1 x 10 18 cm" 3 carrier concentration) 12, an n-type (Se 

20 doped) ( Alo.7Gao.3) o.5lno.5P cladding layer (300 nm thickness, 1 x 
10 cm" carrier concentration) 13, an undoped 
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( Alo.ioGao.9o) o.sIno.sP active layer (600 nm thickness) 14, an 
undoped ( Alo.7Gao.3) o.sIno.sP layer (300 nm thickness ) 110, a p-type 
(Zn doped) ( Alo.7Gao.3) o.sIno.sP cladding layer (300 nm thickness, 
5 x 10 17 cm -3 carrier concentration) 15, a p-type Alo.05Gao.95As layer 
5 (25 nm thickness, 1 x 10 19 cm -3 carrier concentration) 16, an ITO 
film (6.2 x 10~ 6 Qm resistivity) 17 of a transparent conductive 
film, a circular p-type electrode 18, and an n-type electrode 
19. In the following description, an explanation relating to 
the same contents as those of the fourth through the tenth 

10 embodiments is omitted. 

To the p-type Alo.05Gao.95As layer 16, C is added at a growth 
temperature of 550°C as a result of autodoped. Thus, an amount 
of Zn to be added to the p-type Alo.05Gao.95As layer 16 is smaller 
than that of the fourth embodiment. 

15 As a result of evaluation of LED properties in the 

resulting LED, a light emission output is 2.70 mW, a forward 
operative voltage is 1.98 V, and a relative output is 97%, 
respectively. In addition, it is confirmed that a percent 
defective is 1% or less. Hence, it is confirmed that LED 

20 properties are good, even when addition of autodoped C is 

combined with Zn addition at a low growth temperature of the 
AlGaAs layer. 

As described above, since each of the LEDs of the eleventh 
embodiment has a structure including the p-type AlGaAs layer 
25 16 provided between the ITO film 17 and the p-type cladding layer 
15 wherein Zn and Mg or Be are added to the p-type AlGaAs layer 
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16, and further C is added thereto as a result of autodoping, 
such an LED exhibits a low operative voltage and a good light 
emission output and has good reproducibility, further by which 
a sum of a percent defective due to exfoliation of the ITO film 
5 17 and a percent defective due to a backward voltage can be 
reduced to 1% or less. 

Furthermore, even when the undoped layer 110, the second 
conductivity type low carrier concentration layer 110, or the 
first conductivity type low carrier concentration is inserted 

10 as a layer 110 to be formed between the active layer 14 and the 
p-type cladding layer 15, such an LED exhibiting both properties 
of a low operative voltage and a good light emission output and 
having good reproducibility can be fabricated. In addition, 
a percent defective due to exfoliation of the ITO film 17 can 

15 be remarkably reduced to 1% or less in the LED. 

Besides, since an undoped layer (resistance layer) is 
provided as the layer 112 to be formed in the contact layer other 
than the layer 110 formed between the active layer 14 and the 
p-type cladding layer 15, an LED resistant to fluctuation in 

20 drive voltage can be fabricated. 

Grounds for the optimum conditions in the present 
invention are as follows. 

It is desired that a carrier concentration of the AlGaAs 
layer 16 is 1 x 10 19 cm" 3 or higher. This is because the fact 

25 that tunneling current is hard to flow and a forward operative 
voltage increases due to band discontinuity to the p-type 
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cladding layer 15, when a carrier concentration of the AlGaAs 
layer 16 is low. Moreover, the higher carrier concentration 
of the AlGaAs layer 16 is the more preferred. 

The AlGaAs layer 16 has a . smaller band gap than that of 
5 the active layer 16. For this reason, the AlGaAs layer 16 
functions as an absorption layer with respect to emitted light 
to decrease light emission output. Thus, a thinner AlGaAs 
layer is desirable. However, when a thickness of the AlGaAs 
layer 16 is excessively thinned, tunneling current does not flow. 

10 Accordingly, there is the optimum value for a thickness of the 
AlGaAs layer 16. 

Furthermore, when an Al composition in the AlGaAs layer 
16 varies, a degree of absorption of light emitted varies. 
Moreover, a degree of light absorption varies also dependent 

15 upon a light emission wavelength. Thus, a thickness of the 
AlGaAs layer 16 depends on such light emission wavelength and 
an Al composition. Accordingly, there is the optimum thickness 
dependent upon the Al composition in the AlGaAs layer 16, even 
when the same light emission wavelength is applied, while the 

20 optimum thickness depends on a light emission wavelength, even 
if the same Al composition of the AlGaAs layer 16 is applied. 

In case of a red LED having 630 nm light emission wavelength 
and an Al composition in the AlGaAs layer 16 being 0.01, i.e. 
Alo.01Gao.99As layer, around 1 to 35 nm thickness is preferable, 

25 and 2 to 25 nm is more preferred. 

Furthermore, in case of a red LED having 630 nm light 
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emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.05, around 1 to 50 nm thickness is preferable, and 
2 to 25 nm is more preferred. 

Moreover, in case of a red LED having 630 nm light emission 
5 wavelength and an Al composition in the AlGaAs layer 16 being 
0.10, around 1 to 75 nm thickness is preferable, and 2 to 25 nm 
is more preferred. 

Further, in case of a red LED having 630 nm light emission 
wavelength and an Al composition in the AlGaAs layer 16 being 
10 0.15, around 1 to 75 nm thickness is preferable, and 2 to 35 nm 
is more preferred. 

Still further, in case of a red LED having 630 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.20, around 1 to 75 nm thickness is preferred. 
15 Yet further, in case of a red LED having 630 nm light 

emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.25, around 1 to 100 nm thickness is preferable, and 
2 to 75 nm is more preferred. 

In addition, in case of a red LED having 630 nm light 
20 emission wavelength and an Al composition in the AlGaAs layer 
16 being more than 0. 25, around 1 to 100 nm thickness is preferable, 
and 2 to 100 nm is more preferred. 

In case of an yellow LED having 590 nm light emission 
wavelength and an Al composition in the AlGaAs layer 16 being 
25 0.01, i.e. Alo.01Gao.99As layer, around 1 to 30 nm thickness is 
preferable, and 2 to 20 nm is more preferred. 
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Furthermore, in case of an yellow LED having 590 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.05, around 1 to 30 nm thickness is preferable, and 
2 to 20 nm is more preferred. 
5 Moreover, in case of an yellow LED having 590 nm light 

emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.10, around 1 to 40 nm thickness is preferable, and 
2 to 25 nm is more preferred. 

Further, in case of an yellow LED having 590 nm light 
10 emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.15, around 1 to 50 nm thickness is preferable, and 
2 to 25 nm is more preferred. 

Still further, in case of an yellow LED having 590 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
15 16 being 0.20, around 1 to 75 nm thickness is preferable, and 
2 to 30 nm is more preferred. 

Yet further, in case of an yellow LED having 590 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.25, around 1 to 75 nm thickness is preferable, and 
20 2 to 50 nm is more preferred. 

Furthermore, in case of an yellow LED having 590 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.30, around 1 to 75 nm thickness is preferable, and 
2 to 50 nm is more preferred. 
25 Moreover, in case of an yellow LED having 590 nm light 

emission wavelength and an Al composition in the AlGaAs layer 
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16 being 0.35, around 1 to 75 nm thickness is preferable, and 
2 to 50 nm is more preferred. 

Further, in case of a yellow LED having 590 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
5 16 being 0.40, around 1 to 100 nm thickness is preferable, and 
2 to 75 nm is more preferred. 

In addition, in case of a yellow LED having 590 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.43, around 1 to 100 nm thickness is preferable, and 
10 2 to 100 nm is more preferred. 

In case of a green LED having 560 nm light emission 
wavelength and an Al composition in the AlGaAs layer 16 being 
0.01, i.e. Alo.01Gao.99As layer, around 1 to 25 nm thickness is 
preferable, and 2 to 15 nm is more preferred. 
15 Furthermore, in case of a green LED having 560 nm light 

emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.05, around 1 to 25 nm thickness is preferable, and 
2 to 15 nm is more preferred. 

Moreover, in case of a green LED having 560 nm light 
20 emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.10, around 1 to 30 nm thickness is preferable, and 
2 to 20 nm is more preferred. 

Further, in case of a green LED having 560 nm light emission 
wavelength and an Al composition in the AlGaAs layer 16 being 
25 0.15, around 1 to 40 nm thickness is preferable, and 2 to 20 nm 
is more preferred. 
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Still further, in case of a green LED having 560 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.20, around 1 to 50 nm thickness is preferable, and 
2 to 20 nm is more preferred. 
5 Yet further, in case of a green LED having 560 nm light 

emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.25, around 1 to 50 nm thickness is preferable, and 
2 to 20 nm is more preferred. 

Furthermore, in case of a green LED having 560 nm light 
10 emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.05, around 1 to 25 nm thickness is preferable, and 
2 to 15 nm is more preferred. 

Moreover, in case of a green LED having 560 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
15 16 being 0.30, around 1 to 50 nm thickness is preferable, and 
2 to 20 nm is more preferred. 

Further, in case of a green LED having 560 nm light emission 
wavelength and an Al composition in the AlGaAs layer 16 being 
0.35, around 1 to 50 nm thickness is preferable, and 2 to 20 nm 
20 is more preferred. 

Still further, in case of a green LED having 560 nm light 
emission wavelength and an Al composition in the AlGaAs layer 
16 being 0.40, around 1 to 75 nm thickness is preferable, and 
2 to 50 nm is more preferred. 
25 In the ITO film 17, when a resistivity is high, tunneling 

current stops or is difficult to flow, so that a forward 
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operative voltage becomes high. In this case, current 
spreading effect decreases also, and a light emission output 
becomes low. Accordingly, the lower resistivity of the ITO 
film 17 is the more preferable. 
5 A resistivity of the ITO film 17 is preferably 1 x 10" 5 Qm 

or less, and more preferable is 7 x 10" 6 Qm or less. 

When a thickness of the ITO film 17 is thin, current 
spreading effect decreases and a light emission output becomes 
low. Thus, the thicker thickness of the ITO film 17 is the more 

10 preferred. A thickness of the ITO film 17 is preferably 50 nm 
or more, and more preferable is 200 nm or more. 

When the AlGaAs layer 16 is grown at a high temperature, 
good crystallinity is achieved. Good crystallinity results in 
difficulty for flowing tunneling current at even the same 

15 carrier concentration. Furthermore, elevation of forward 
operative voltage due to band discontinuity to the p-type 
cladding layer 15 occurs easily. For this reason, not so good 
crystallinity of the AlGaAs layer 16 is preferred. Hence, a 
growth temperature of the AlGaAs layer 16 is preferably 600°C 

20 or lower, and more preferable is 600 to 450°C . 

When the AlGaAs layer 16 is grown with a high V/III ratio 
of a raw material, good crystallinity is attained. Good 
crystallinity results in difficulty for flowing tunneling 
current at even the same carrier concentration. Furthermore, 

25 elevation of forward operative voltage due to band 

discontinuity to the p-type cladding layer 15 occurs easily. 
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For this reason, not so good crystallinity of the AlGaAs layer 
16 is preferred. Accordingly, it is preferred that a V/III 
ratio of raw material is low at the time of growing the AlGaAs 
layer 16. 

5 In the AlGaAs layer 16, when a V/III ratio of raw material 

is reduced at the time of growth, an amount of C which is added 
automatically (autodoping) increases. As a result, when a 
V/III ratio of raw material at the time of growing the AlGaAs 
layer 16 is reduced, its carrier concentration becomes easily 

10 high, and quality of crystal deteriorates. In this respect, 
it is preferred that a V/III ratio of raw material at the time 
of growing the AlGaAs layer 16 is determined to be 50 or less, 
and more preferable is 10 or less in order to decrease a forward 
operative voltage . 

15 The better result of light emission output and the higher 

reliability is attained by the thicker thickness of the undoped 
layer 110 formed between the active layer 14 and the cladding 
layer 15. This is because Zn contained in the cladding layer 
15 suppresses diffusion thereof into the active layer, 

20 resulting in suppression of defects due to diffusion. However, 
when a thickness of the undoped layer 110 exceeds a certain value, 
effect of the undoped layer 110 becomes small , elevation of light 
emission output and reliability is saturated. Besides, a 
forward operative voltage becomes higher with increase in a 

25 thickness of the undoped layer 110. In addition, its cost 
becomes expensive. Accordingly, it is preferred that the 
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undoped layer 110 has not an excessive thickness, but a suitable 
thickness. In this respect, a thickness of the undoped layer 
110 is preferably 100 nm or thicker, and more preferable is 300 
to 3000 nm. 

5 When the AlGaAs layer 16 contains Al even in a very small 

amount, adherence to the ITO film 17 can make better. Thus, 
it is sufficient that the AlGaAs layer 16 contains at least 
amount of Al, and it is more preferred that an Al composition 
is 0.05 or more. However, when the Al composition is larger 
10 than 0.43, the AlGaAs layer 16 turns to indirect transition, 
resulting in difficulty of flowing tunneling current. Thus, 
it is preferred to select an Al composition in the AlGaAs layer 
16 within a range of from 0.01 to 0.43, and more preferable is 
from 0.05 to 0.4. 

15 As described above, according to an LED of the present 

invention, since an AlGaAs layer (Al x Gai_ x As (0.01 < X ^ 0.43) ) 
having a smaller band gap than that of an active layer is 
provided between a second conductivity type cladding layer and 
a current spreading layer, decrease in an yield due to 

20 exfoliation of a transparent conductive film is suppressed, a 
forward operative voltage is lowered, besides, high luminance, 
low operative voltage, inexpensive cost, high reliability and 
good reproducibility can be achieved. 

It will be appreciated by those of ordinary skill in the 

25 art that the present invention can be embodied in other specific 
forms without departing from the spirit or essential 
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characteristics thereof . 

The presently disclosed embodiments are therefore 
considered in all respects to be illustrative and not 
restrictive. The scope of the invention is indicated by the 
appended claims rather than the foregoing description, and all 
changes that come within the meaning and range of equivalents 
thereof are intended to be embraced therein. 



